The biological cause of psychiatric illnesses continues to be under intense scrutiny. Among the various neurotropic viruses, Borna disease virus (BDV) is another virus that preferentially targets the neurons of the limbic system and has been shown to be associated with behavioural abnormalities. Presence of various BDV markers, including viral RNA, in patients with affective and mood disorders have triggered ongoing debate worldwide regarding its aetiopathogenic relationship. This article analyses its current state of knowledge and recent advances in diagnosis in order to prove or refute the association of BDV in causation of human neuropsychiatric disorders. This emerging viral causative association of behavioural disorders, which seems to be inching closer, has implication not only for a paradigm shift in the treatment and management of neuropsychiatric illnesses but also has an important impact on the public health systems.
controversies regarding its aetiopathogenic relationship. Despite encouraging results of earlier studies, the issues of clinical significance and the establishment of human infection are still being debated.
Epidemiology
Not much is known regarding the epidemiology of BDV. Originally, it was supposed to be a natural pathogen of horses and sheep in South Eastern Germany, but now it is known to infect several species ranging from birds to primates across the world. [5] Wild birds may act as subclinically infected carriers of BDV, which can explain its seasonal occurrence (spring and early summers) and higher prevalence in some years compared with others. However, their exact role in the epidemiology of BDV remains mysterious. [6] BD is supposed to be a zoonotic disease. Its incubation period varies from a few weeks to many months. The virus is shed with secretions from the respiratory tract, conjunctiva and faeces of infected animals [7] and is supposed to spread intranasally. [8] BDV has a particular predilection for the neurons of the limbic system, basal ganglia and the brain stem and diffuses throughout the CNS. It replicates locally in the neurons and migrates intra-axonally and spreads by direct cell to cell contact via neuroreceptors in the olfactory epithelium to the adjacent brain tissue. [9] Genomic Organization BDV is an enveloped, non-cytolytic, non-segmented negative strand RNA virus of size 8.5-10.5 kb, belonging to family Bornaviradae of the order Monnegaviradae. The other viruses in the Monnegaviradae group are Filoviradae, Paramyxoviradae and Rhabdoviradae. [5] BDV is a spherical enveloped virus with a diameter of 90-130 nm.
[10] The virus particle contains an internal electron-dense core (50-60 nm) and a limiting outer member envelope covered
The aetiology of psychosis is considered to be multifactorial. While genetic and behavioural components of psychosis have been the focus of intense study, infection as an aetiological factor has received little attention. Persistent viral infection in the central nervous system (CNS) can induce progressive neurological damage with diverse pathological manifestations. However, a direct linkage between viral infection and neurobehavioral disturbances associated with human psychiatric disorders has not been identified. Psychopharmacological studies have attributed these disorders to be associated with neurotransmitter imbalances. Although various viral pathogens like Cytomegalovirus, Herpes simplex virus and Influenza virus have been shown to be associated with psychiatric disorders, [1] [2] [3] their conclusive role as causative agents of such disorders have never been established. Of late, the Borna disease virus (BDV) is one more agent added to the list and is under close scrutiny as the causative agent of neuropsychiatric disorders.
BDV is the causative agent of Borna disease (BD), a fatal non-purulent meningoencephalitis that was originally described in Germany and Switzerland. It is named after the town Borna in Sexonomy/Germany, where an epidemic attack of BD occurred in cavalry horses 100 years ago. [4] Knowledge about disease in animals has initiated research on its association with human psychiatric disorders. Gaps in understanding BDV pathogenesis in humans have triggered with spikes (7 nm long). The virions are assembled at the cell surface from where only a small number of virions are released by budding. [11] It replicates and transcribes its genome in the nucleus and uses cellular RNA splicing machinery to regulate viral gene expression. [12] The BDV genome [Figure] comprises of six open reading frames (ORFs): ORF I codes for the nucleoprotein p 40 (NP), ORF II for phosphoprotein p 24 (P), ORF III for matrix protein p 16 (M), ORF IV for glycoprotein (G) and ORF V for p 180/190 , the phosphopolymerase (L). [13] A further ORF overlaps the P gene and encodes the protein p 10 (X). [14] The phosphoprotein P of BDV is an essential cofactor of the viral RNA-dependent RNA polymerase and its cofactor activity is negatively regulated by phosphorylation unlike other viral P proteins. [15] The matrix protein M of BDV is an integral component of the viral ribonucleoprotein (RNP) complex without interfering with the viral polymerase activity. This is a unique feature among negative-strand RNA viruses and therefore BDV-M is regarded as a pre-requisite for the establishment of BDV persistence. [16] The X is a nonstructural protein and can interact with viral polymerase cofactor P thus regulating polymerase activity. [17] The lack of X in virus particles may facilitate polymerase activity early in infection, but the presence of X in persistently infected cells may result in partial inhibition of the polymerase thus contributing to viral persistence. [18] Bdv life cycle BDV entry into the cell occurs by receptor-mediated endocytosis. [19] BDV attaches to the host cells via the surface glycoprotein (G) as antibodies to G have been demonstrated to have a neutralizing activity. [20] The N-terminal part of the BDV glycoprotein is sufficient for receptor recognition and virus entry. [21] The N-terminal of gp43 is involved in the pH-dependent fusion after internalization of BDV by receptor-mediated endocytosis. [19, 21] This fusion event releases the BDV RNP, which is then transported to the cell nucleus where BDV transcription and replication occur. The RNA-dependent RNA polymerase (L) of BDV is postulated to be the catalytic enzyme of replication and transcription. BDV polypeptides, with the exception of the N-terminal part of the glycoprotein, are translated from polycistronic mRNAs, a unique situation among mononegaviruses. However, the mechanism involved in the control and trafficking of viral RNP across the nuclear export remains largely unknown. The assembly and release of BDV are poorly understood. Thin sections of BDV-infected cells show the presence of intracytoplasmic virus-like particles with morphologic characteristics similar to those described for partially purified cell-free BDV infectious particles. These particles show no association with the cisternae of the endoplasmic reticulum, Golgi complex or other intracytoplasmic membrane. The assembly process and site of virus maturation have not been identified. Budding of BDV particles is only observed at the cell surface of BDVinfected Madin Darby Canine Kidney cells after treatment with n-butyrate. [22] 
Pathogenesis
The CNS is unique in its response to viral infection. There is lack of specialized lymphatic drainage, which potentially limits and delays viral antigen recognition. Persistence of BDV in the CNS may be supported by the blood brain barrier, paucity of immune elements and non-cytolytic strategy for viral replication. [23] BDV is neurotropic and infects mainly neurons in its natural host. It has a high affinity for the limbic system, which is involved in the regulation of behaviour, memory and emotion. BD is a progressive immune-mediated disease. The virus itself is not involved in the destruction of the brain tissue but damage may occur indirectly by triggering of the cellmediated immune response. [24] Both CD 4 and CD 8 T cells are present in the CNS and their elimination or functional blocking prevents both BDV infection-induced neurological symptoms and histological changes in the brain. [25] In mice, BDV-specific CD 8 T cells have been demonstrated in the brain but not in the peripheral lymphoid organs. [26] CD 8+ T cells exert effector cell functions and their activity results in the destruction of virusinfected cells. Thus, the cytotoxic T-cell response determines whether an ensuing immunopathological disease is controlled or a persistent infection is established. Polymorphonuclear leucocytes can harbour viruses although it has rarely been shown that viruses infect these cells directly. On the other hand, it has been demonstrated that granulocytes take up virions and are capable of phagocytosing infected cells or cell debris.
Predominant lesions found in the CNS consist of perivascular infiltrates of lymphocytes, plasma cells and other mononuclear cells. In the nuclei of the infected neurons, aggregates of virus-specific material form the Joest Degan inclusion bodies, characteristic of BDV infection. [27] The virus propagates in the form of RNP as virus particles are not detected in the astrocytes, oligodendrocytes, ependymal cells and Schwann cells in the peripheral nervous system. [28] Neutralizing antibodies appear late during infection and have been implicated in restricting viral replication in the nervous system. [29] Increased levels of interleukin (IL)-6, tumour necrosis factor-α, IL-α and inducible nitric oxide synthase mRNA in BDV-infected rat brain correlates with the degree of inflammation and the severity of neurological signs. [30] The onset of clinical signs coincides with the appearance of an inflammatory reaction in the brain that reaches its maximum severity in 30-40 days after infection. [28] This extensive inflammatory reaction leads to neuronal destruction that in some cases may progress to hydrocephalus. Pharmacological studies indicate that behavioural disturbances associated with BD might be due to BDV-induced alteration of the dopamine system. [31] Decreased numbers of D2 and D4 receptor binding sites are found in the nucleus. Besides dopamine, alteration involvement of other neurotransmitter systems have been supported by changes in the mRNA levels of cholecystokinin, glutamic acid decarboxylase and somatostatin. [32] These pharmacological abnormalities are likely consequences of an inflammatory response. However, cortical cholinergic denervation was observed in BDV-infected rats in the absence of any significant cell destruction.
[33]
Diagnosis of BDV Infection
As on date, there is no conclusive evidence that BDV is the causative factor of human diseases. For almost a decade antibodies to BDV components were the only markers suggesting infection. These antibodies were found not only in patients with neuropsychiatric diseases but also in immunocompromised as well as healthy individuals. Thus, the need to look for other markers of the infection became very much pertinent.
For diagnosis of BDV infection in human specimens and understanding its aetiological role, detection of proteins that are expressed during infection has become a critical area of investigation. BDV antigen and nucleic acid has been detected in peripheral blood mononuclear cells (PBMCs) from psychiatric patients by novel techniques. PBMC from severely depressed patients subsequently served as the source of the first BDV isolate from humans by longterm cocultivation procedures. [34] A putative human isolate of BDV was also obtained from granulocytes [35] and the first human brain isolate from a schizophrenic patient was reported in 2000. [36] Various modalities have been used for the diagnosis of BDV infection. These include detection of virus-specific antibodies in blood, isolation of virus-specific RNA from PBMCs and brain, detection of circulating plasma antigens and circulating immune complexes (CICs) and T cell proliferation assay.
Detection of virus-specific antibodies in blood
BDV infection in humans was first detected by serological methods, mainly immunofluorescence assays (IFA). IFA with fixed antigen accumulating in the nucleus of infected cells became an indispensable tool for monitoring and titrating antibodies in the mid 1980s.
[37] Complement fixation and Ouchterlony tests, which measured either antibodies or precipitated antigen, were additionally helpful, but the sensitivity of these tools always remained questionable. [38] At the present moment, immunofluorescent (IF)-based assays are commonly used by most research laboratories to detect antibodies against BDV infection. All IF-based assays utilize recombinant products (N, P or M) to measure antibodies. [39, 40] Modification of IFA with monoclonal anti-N antibodies in a double staining protocol was used to improve specificity [37] and focus immunoassays and cell enzyme linked immunosorbent assay (ELISA) were developed to enable faster monitoring of antibodies against BDV. [41] However, all these assays were time consuming and their endpoint titration was subjective. Electrochemiluminescence immunoassays (ECLIA) enabled the amount of antibodies to be determined more precisely but they did not provide any new insights into human BDV infection. [42, 43] Based on a study by Allmang et al. using modified IFA involving the use of 3M urea, it was reported that human anti-BDV antibodies were of low avidity compared with animal antibodies thus raising doubts about the specificity of human antibodies to BDV. [44] A later avidity experiment with 6M urea, tested by ELISA with native antigen in a double sandwich format, revealed low-and high-avidity antibodies in both species, consistent with findings in other persistent virus infections. [45] The drawback of all of these recombinant ELISAs was that they had a low sensitivity for BDV antibodies, which might explain the heterogeneity of data from different studies. This low sensitivity can be explained by the fact that native conformational epitopes are more efficient targets to detect anti-BDV antibodies than recombinant proteins used in these assays.
ELISA developed by Bode et al. is based on a double sandwich format using antibody-stabilized monoclonal antibodies that recognize conformational epitopes of BDV N (p40) and P (p24) proteins and these epitopes recognize immunoglobulin (Ig) G in the test serum. This assay thus represents the method of choice for detecting BDV-specific antibodies as it is simple, quantitative, highly sensitive and specific and thus may be labelled as a gold standard test. [46, 47] Western blots (WBs) serve as confirmatory tests in the diagnosis of many viral infections and have been useful in identifying antibodies against the N and P proteins in serum and cerebro spinal fluid (CSF), but they have not come to the forefront of human BDV diagnosis as they have been shown to be less sensitive than the newer generation ELISAs. [34, 46] Several studies based on antibody detection have demonstrated a relation between BDV and neuropsychiatric manifestations [ Table 1 ]. Results of antibody studies by IFA vary between 0 and 16% in psychiatric patients, 0 and 51% in healthy controls and 0% in blood donors, whereas by ELISA they lie between 0 and 24%, 0 and 1% and 0%, respectively. WB results vary between 6.5 and 45% in psychiatric patients, 0 and 1% in healthy controls and 4.7 and 9% in blood donors. vol. 27, No. 3 
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The data using these serological tests employing recombinant antigens do not suggest an association of BDV or a related agent with specific psychiatric diseases in human beings but a newer format of ELISA developed by Bode et al. using native antigens have shown a much higher level of antibodies in psychiatric patients (71.4%) than in healthy subjects (20.3%). [46] It can thus be used as an indicator of infection. However, results have been shown to vary within different geographical regions due to a difference in the methods used for the detection of the antibodies.
Isolation of virus and virus-specific RNA from PBMCs and brain

Demonstration of BDV RNA in PBMCs and
granulocytes.
1.1 BDV RNA in PBMCs of psychiatric patients was first demonstrated by Bode et al. in the mid 1990s by nested reverse transcription polymerase chain reaction (RT-PCR). [34, 48] Thereafter, many workers isolated the BDV-specific RNA from PBMCs of healthy and diseased humans by using RT-PCR in lysates of PBMC isolates from blood after Ficoll gradient separation. Despite the fact that granulocytes represent potential contaminants of PBMC, [35] the reported isolation of Bona virus from granulocytes focused the search for BDV-specific RNA on this fraction of white blood cells. [35, 40] The above results could be explained by the ability of granulocytes to incorporate antigen-antibody complexes and possibly RNPs floating in the blood. 1.2. Various studies were conducted all over the world to detect a relation between BDV-specific RNA in PBMC and its relation to neuropsychiatric manifestation [ Table 2 ]. 1.3. The prevalence of BDV-derived nucleic acid (BDV RNA) has been shown to vary between 0 and 60% in neuropsychiatric diseases, 0 and 57% in the healthy population and 0 and 57.1% in the average blood donors. Most researches have reported a higher prevalence of RNA-positive PBMCs in psychiatric patients than in healthy people, but the positive rates differed among laboratories. Despite some reports on the absence of BDV RNA in psychiatric patients, [41, 47] the occurrence of BDV RNA in human samples is generally accepted and is supported by the finding of BDV RNA in brain samples taken at autopsy.
2. Isolation of virus and virus-specific RNA from the brain.
2.1. BDV-specific RNA has been isolated from [62] Germany WB Neuropsychiatric patients 9.6 (40/416) Sauder et al. [73] Japan ELISA Schizophrenia 0 (0/70) Horimoto et al. [59] Healthy controls 0 (0/70) Japan WB Psychiatric patients 45 Iwashi et al. [60] Healthy [61] Healthy controls 1 brain samples at autopsy from patients with various mental disorders. BDV-derived nucleic acid in brain samples were detected by means of nested RT-PCR, in situ hybridization and immunohistochemistry. [49] In these studies, the p24, p40 and first intergenic region were almost identical to the corresponding regions of the animal strain of He/80.
[50] All research groups are aware of the possibility that the finding of BDV RNA might indicate contamination of human and animal samples, but this potential has been minimized by using improved safety conditions. Overall, arguments questioning human BDV infection based on contamination of human and animal samples have gradually faded. [40] 2.2. In a study conducted in the USA, the genomic sequence of BDV-RNA isolated from the brain of three patients was identical to a virus that originated in a German horse. Thus, it seems that BDV variants are wide spread and are capable of infecting both horses and humans. It also explains the extraordinary stable nature of the BDV genome in different geographical regions. [50] In a study, viral RNA was detected by RT-PCR and in situ hybridization in the neurons of three of 12 brain regions. There was associated lymphocytic infiltration, which was not detected in the BDVnegative brains. [4] BDV was also recovered after intracerebral inoculation of brain extract into new born gerbil. Nucleotide sequences of this viral isolate differ only by 2% from the standard laboratory strain. [51] Various studies were conducted all over the world to isolate BDV-RNA from the brain [ Table 3 ]. According to these studies, the rate of isolation of BDV-RNA from the human brain varied between 0 and 80% in patients with various neuropsychiatric manifestations and 0 and 65% in the healthy control group. The results of isolation depended on the sensitivity of the assay as well as on the post-mortem interval. A short post-mortem interval had a higher chance of isolation.
Detection of circulating plasma antigens and CICs
The assay to capture plasma antigen represents a breakthrough in the diagnosis of BDV infection due to the fact that although there may be a low viral load during initial infection, free antigens start appearing in the body fluids quite early. Large amounts of plasma antigens were detected in a cohort of severely depressed patients by ELISA and the severity of symptoms appeared to correlate with the concentration and duration of antigenaemia. [46] In contrast, the presence of antigen in plasma occurs rarely [73] Healthy controls 0 (0/26) Germany p40 Various manifestations 0 (0/159) Lieb et al. [75] Japan p24 Blood donors 57.10 Takashiet et al. [76] USA and p24, p40 Various manifestations 0 (0/52) Richi et al. [77] Germany [79] Taiwan p24, p40 Schizophrenia 13.5 (10/74) Chen et al. [80] Healthy controls
Various neurological disorders 0 (0/27) Bachmann et al. [81] Japan p24 CFS 60 (6/10) Nakaya et al. [82] Sweden p24, p40 CFS 0 (0/18) Evenguard et al. [39] Japan p24, p40 Schizophrenia
1.80
Tsuzi et al. [83] Healthy controls 0.60 Scotland Blood donors 0 Davidson et al. [63] vol. 27, No. 3 Indian Journal of Medical Microbiology and at low levels in healthy individuals. Thus, plasma antigenaemia indicates an acute, transient and productive phase of infection. During a productive phase, the appearances of plasma antigen parallel the disease process until antibodies bind the antigens to from CICs. These complexes are measurable for weeks or months in patients followed longitudinally. Changes in the relative amounts of CIC and plasma antibodies over time can be used as a prognostic marker. CICs represent the prevailing infection marker and are found in more than 90% of the patients with major depressive disorders or bipolar disorders during acute depression. [45] Screening blood samples solely for CICs may be sufficient to confirm BDV infection. [47] Moreover, the frequency and relative stability of BDV CICs make them currently the best available screening marker of BDV infection.
The BDV specificity of CICs was demonstrated in WBs after precipitation with polyethylene glycol or isolation on protein G-Sepharose columns. The immune complexes consist of N and P monomers or dimers and most probably N-P heteromers bound to IgG antibodies and are very stable, like the antigens. Molecular studies on antigen-antigen interactions and their biochemical characterization are ongoing.
T cell proliferation assay
The T cell proliferative response has also been used as an indicator of BDV infection. Positive proliferative responses to both BDV p40 and p24 proteins were detected in 9% of the patients with mood disorders, 4% of schizophrenic patients and 2% of blood donors. [42] Many recent studies on BDV infection have reported the use of triple ELISA, [45] which measures CIC, plasma antigen and antibodies in the same serum sample as combined measurement of antibodies and CIC in serum enhances the sensitivity of the detection system. The usefulness of various diagnostic tools in human BDV infection has been summarized in [ Table 4 ]. Among the various tests, CIC ELISA and virus isolation from PBMCs/brain constitute the best markers, indicative of infection. The best indicators of viral disease are antigen ELISA and CIC ELISA, both of which also correlate well with severity of viral disease.
Role of BDV in Health and Disease
As defined in the "Diagnostic and Statistical Manual of Mental Disorders of the American Psychiatric Association", 4 th Ed. (DSM IV), half of the mood disorders are thought to be of an "endogenous" origin with unknown causes, probably driven by an imbalance in the neurotransmitter network. Serious conditions like bipolar disorders and major depressive disorders are present in 1-5% of the population throughout life following a relapsing episodic course. Thus, some one hundred million people worldwide suffer chronically from alternating between mania and depression or from recurrent depressive episodes. [52] BDV infections have been linked with various psychiatric disorders like major affective disorders, schizophrenia, obsessive compulsive disorder (OCD) and chronic fatigue syndrome by various groups of workers. [37, 40, 47] In affective disorders, depending on the time point and the diagnostic parameters used, the point prevalence of BDV has been found to vary from 2 to 100%. This wide range of positivity was due to the fact that during the well state the positivity was found to be low whereas during episodes of acute depression the positivity in the same patients was found to be increased. Therefore, most of the subsequent clinical studies were designed as longitudinal investigations. [45] Among patients in the acute stage, 40-50% had BDV [84] Healthy controls 0 (0/3) USA p40 Atypical hippocampal degeneration 80 (4/5) Torre et al. [49] USA p40 Schizophrenia 52.9 (9/17) Salvolre et al. [55] Bipolar disorders 40 (2/5) Depression 0 (0/6) Healthy controls 0 (0/10) Japan p24 Schizophrenia 33.3 (3/9) Haga et al. [85, 86] Parkinsonism 16.7 (1/6) Healthy controls 6.5 (2/31) Germany p24, p40 Atypical hippocampal degeneration 75 (3/4) Czygan et al. [50] Various diagnosis 0 (0/86) Healthy controls 0 (0/52) Japan p24, p40 Schizophrenia 25 (1/4) Nakamura et al. [51] Healthy controls 0 (0/2)
antigen-positive PBMCs in the group of severe cases [53] [54] [55] and the probability of virus isolation increased with an increase in the severity of diseases. [34] In a study performed by Bode et al. in 2001, most of the acutely depressed major depressive disorder and bipolar disorder patients were CIC positive (>90%), and the severity of symptoms correlated with high plasma levels of CIC and antigen. Among patients of all clinical categories of depression in the study, about 50% were CIC positive. [46] In a study performed by Bode et al. in 2003, 40 OCD patients were followed longitudinally and a considerable proposition was found to express BDV infection markers (CICs, plasma antigens or antibodies) in their blood. The duration and levels of antigenaemia and CICs paralleled severe long lasting courses of this disorder, indicating a chronically productive infection state. However, in classical major depressive disorder and bipolar disorder patients, the periodicity of antigenaemia was predominant, with a peak during clinical episodes. [45] In chronic fatigue syndrome, BDV prevalence based on detection of RNA ranges from 0% in Swedish patients [46] to >80% in Japanese family clusters. [53] BDV RNA was also positive in a patient analysed by an Austrian group. [54] BDV was isolated from an American chronic fatigue syndrome patient [47] and activated infection (CICs and plasma antigen) was detected in one-thirds of the patients suffering from chronic fatigue syndrome, indicating that the virus persists and long-term antiviral treatment may be beneficial to ameliorate symptoms. [45] The presence and expression of BDV in human brain have been a matter of debate. Also, the presence of BDV RNA in the brain does not necessarily reflect an active state of viral replication. In samples obtained at autopsy from American and European brain banks, PCR amplifiable BDV-specific RNA (found in 53 and 40% of the samples, respectively) was derived only from patients with schizophrenia and bipolar disorder and not from cases of neurological disorders. [55] BDV was isolated from a Japanese schizophrenic patient in 2000 [41] and the only report indicating BDV activity in the human brain correlating with disease was a report by Deuschle et al. in 1998 in which BDV antigens were detected in CSF samples from patients with major depressive disorders but not from other psychiatric disorders. [36, 56] BDV infections can remain clinically silent in healthy humans. Various studies have demonstrated the presence of BDV infection markers in both healthy controls and blood donors. Several research groups have reported a seroprevalence of 2-3% in healthy controls. [37] A carrier state in up to 5% of the population was reported by detecting BDV RNA in PBMCs. [53] By IFA, ECLISA and WBs BDV antibodies were found in 0-15%, 0-1% and 0-1% of healthy controls, respectively, [57] [58] [59] [60] [61] whereas by ELISA, 20.3% of the healthy controls were found to be antibody positive using native antigen. [46] CICs were also found to be positive in 26.3% of healthy volunteers. [45] BDV RNA in PBMCs was demonstrated in 0-57% of the healthy population and BDV RNA from human brains was detected in 0-65% of the healthy control group.
In blood donors, CIC was found in 20-30% of the cases and 2-4% were IFA positive. [45] By IFA, ECLISA and WBs, BDV antibodies were found in 0%, 0% and 4.7-9% respectively by other workers. [42, 62] A prevalence of 33% was reported in Australian blood donors [45] whereas a prevalence of 0% was reported in Scotland blood donors by RT-PCR for BDV-RNA in PBMCs. [63] 
Human BDV Strains
Only six isolates have been reported to be recovered from humans till date. The sources were PBMCs from two bipolar and one OCD and one chronic fatigue syndrome patient. [34, 64] The fifth isolate (RW98) from the granulocytes of a schizophrenic patient have been withdrawn as a laboratory strain contamination.
[65] The sixth isolate was recovered from the brain of a Japanese schizophrenic patient. [36] Human strains were found to have significant differences from the animal strains [34] in their nucleic acid and nucleotide sequences. Furthermore, all human isolates were sensitive to Amantadine treatment in vitro, in contrast to the laboratory strain. [47] 
Treatment
There are as yet no specific treatment modalities for patients of BD. However, few agents have been tried for its treatment. One of them is Amantadine. Amantadine is a noncompetitive N methyl D aspirate-type glutamate receptor antagonist that also has binding activity to the nicotinic acetylcholine receptor. [66] It appears to act by increasing the synthesis and release of dopamine and by diminishing its neuronal uptake. It is also thought to have some antiviral activity by which it interferes with the uncoating and release of the viral genome into the host cell. Thus, it not only inhibits the replication of wild type BDV in cell in vitro but also prevents replication of naive cells. [47, 67] Two studies were performed to detect the efficacy of Amantadine in patients with acute major depressive disorder or bipolar disorders: one in Hanover and the other in Berlin.
Patients were treated daily with a mean oral dose of 200 mg of Amantadine for 12 weeks and the majority showed a significant and rapid clinical response after an average of 3 weeks. The initial laboratory sign of antiviral efficacy in the treated patients was the disappearance of antigen from plasma and PBMCs. Continuous reduction of plasma antigen levels was demonstrated in the 5-year follow-up of a chronic fatigue syndrome patient who partially improved under treatment with Amantadine and was able to carry out daily activities despite residual fatigue. [45] 
Conclusion
The role of BDV in neuropsychiatric diseases still remains open to criticism and discussion in light of the current state of knowledge. As studies have revealed a considerable number of silent infections in humans, the issue of BDV infection and BDV disease should be separated. To establish an aetiopathogenic relationship between BDV and human disease remains the major challenge. In asymptomatic patients, BDV infection is characterized by small amounts of CICs with or without free antibodies whereas there is significant expression of plasma antigens and CICs in acute mood disorders. As sources and routes of infection are still unknown, its aetiological role in CNS diseases continues to remain under scrutiny.
Various factors implicating the strength of association of BDV with neuropsychiatric diseases include: 1. Unique features of BDV in terms of a broad host range and its ability to selectively interfere with behaviour and social affiliation, which is consistent with both the episodic nature of diseases and sub clinical persistence in human disorders. 2. There is a relative tropism for the limbic system and the excitatory field in the hippocampus that makes it a plausible aetiological agent in schizophrenia. [24, 69] 3. Experimental infection of animals with BDV may result in symptoms such as aggression, hyperactivity and behavioural disturbances, apathy or motor symptoms that resemble the core features of human psychiatric disorders such as depression and schizophrenia. [70] 3.1. Unique features of BDV along with its incredible pathogenic flexibility and many evidences implicating its increasing strength of association definitely point towards its causative role in human BDV infections. However, the same needs to be proved in natural human infections before claiming behavioural changes due to neurotransmitter imbalances or due to inflammatory reactions in humans. Presently, we can very well speculate on how BDV might alter the neurotransmitter balance in the brains of maniac, depressed or OCD patients. Unravelling the spectrum of BDV pathogenicity requires special efforts and newer diagnostic approaches to further strengthen its pathogenic correlation. Newer and sensitive molecular techniques like real time PCR and sequencing will be very significant tools for epidemiological studies, for tracing the source of infection, analysing the geographic distribution of BDV and elucidating intraspecies and interspecies transmission. As most of the previous studies have applied cross-sectional design, one sample per person, with clinically undefined times of blood testing employing different diagnostic modalities and no periodic monitoring of the course of disease, there is need for multicentric longitudinal studies in different parts of the world for establishing a definitive association of BDV with neuropsychiatric illnesses. At this moment, one thing which is most certain is that the current evidences employing improved diagnostic tests have brought this aetiopathogenic association between BDV and some human mental disorders much closer.
